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Remarks 



Claims 1 1 - 28 are pending. Favorable reconsideration is respectfully solicited. 

Claims 1 1 - 20 have been rejected under 35 U.S.C. § 1 12 fl as being indefinite. 
Applicants respectfully traverse this rejection. 

The specification, including the claims, is addressed to one of ordinary skill in the 
art, in this case a chemist skilled in organic synthesis. Applicants have carefully reviewed the 
specification and claims and do not find any lack of clarity or "indefiniteness". To expedite 
prosecution, several claim amendments have been made. Each of the Office's contentions 
regarding indefiniteness will be addressed in turn, numbered as in the Office Action. 

1 . Silyl protective groups are well known. While the Examiner is correct in 
that an -SiH 3 group is also a silyl group, one skilled in the art of organic synthesis and protective 
groups views "silyl" as a silicon substituted with three optionally substituted hydrocarbon 
groups. The most common silyl group is the trimethylsilyl group, due to its lower cost as 
compared to other silyl groups. The claims have been amended to recite that the silyl groups are 
-SiR 4 R 5 R 6 groups where R 4 , R 5 , and R 6 are independently of another an aliphatic or aromatic 
radical having up to 20 carbon atoms. Support may be found in the specification on page 7, line 
35 to page 8, line 2; page 9, lines 30 to 37; and page 12, lines 1 - 20. Examples of these silyl 
groups are also given. 

2. The term " 1 ,3-dicarbonyl compound" is not unclear. This term is widely 
used in organic chemistry to refer to B-dicarbonyl compounds. See, e.g. the attached paper 
entitled "Carbonyl Chemistry: 1,3-dicarbonyl compounds". Note that 2,4-pentanedione is 
described, among other compounds such as ethyl acetoacetate, as a 1,3-dicarbonyl compound. 
The claim language is clear to one skilled in the art. If the Examiner wishes, Applicants are 
amenable to amending the claim to recite either "B-dicarbonyl" or "n,(n+2)-dicarbonyl". 
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However, Applicants do not believe this to be necessary. Formic anhydride is certainly a 1,3- 
dicarbonyl compound, as indicated by the formula on page 11, where Y and Z may be H. 

3. The Office states that "X as alkoxy or aryloxy in claim 14 is not correct. 
These are not leaving groups." This is not true. See J. March, ADVANCED ORGANIC CHEMISTRY, 
3d Ed. p. 315 (attached) which identifies both these as leaving groups. While these are not the 
best leaving groups, they will perform this function, generally in the presence of acid, i.e. in 
protonated form. 

4. The Office further alleges that alkyl (claim 18) is not a leaving group for 
amine. Reference may be had to T. Greene, etaL, PROTECTIVE GROUPS IN ORGANIC SYNTHESIS, 
p. 388, which indicates that alkyl groups are leaving groups for amines. 

5. The Office alleges that R 1 as alkyl in claim 13 is incorrect as "methyl is 
not a protective group for hydroxyl". Reference may be had to Greene, op. cit., pp. 14 - 15. 

6. Claim 19 has been amended to eliminate "general", which was intended 
to have been done in the Preliminary Amendment accompanying the National Phase filing. 
Applicants apologize for this oversight. 

7. Claim 20 is believed to be clear. In formula (1) of claim 11, each of R 8 , 
R 9 , R L0 , and R 11 may be hydrogen. Removal of the protective group R 1 from this compound will 
generate the compound of formula (6). If the nitrogens also bear protective groups, these will 
already have been removed prior to removing R 1 . If the Examiner wishes, Applicants agree to 
amend the claim by inserting "and removing any amino protective groups". Please advise if this 
amendment is viewed as necessary. 

Withdrawal of the rejections of the claims under 35 U.S.C. § 112 fl is 
respectfully solicited. 



-8- 



S/N: 10/595,067 

Reply to Office Action of May 1, 1008 



AttyDktNo. WAS 0757 PUS A 



Claims 14 and 18 have been rejected under 35 U.S.C. § 112 12 as being non- 
enabling. The claims are addressed to one skilled in the art. One so skilled, particularly in view 
of numerous scientific articles pertaining to synthesis and cleavage of leaving groups is enabled 
to make and use the claimed invention. The use of alkoxy and aryloxy leaving groups is known, 
as evidenced by March, op. cit. The same is true regarding claim 18. See Greene, op. cit. There 
is no evidence that cleavage of such leaving groups could not be accomplished without 
destroying the molecule. If the Office believes this to be the case, a reference should be cited. 
Applicants have indicated that the groups of claims 14 and 18 are leaving groups. The 
specification is presumptively accurate. See, e.g. In re Marzocchi, 169 USPQ 367 (CCPA 1971). 
See also In re Soli, 137 USPQ 797 (CCPA 1963) and In re Wagner, 152 USPQ 552 (CCPA 
1967) regarding the need for factual evidence in support of such a rejection. Withdrawal of the 
rejection of claims 14 and 18 under 35 U.S.C. § 1 12 12 is solicited. 

New claims 2 1 to 26 have been added to more particularly point out and distinctly 
claim preferred embodiments of Applicants' invention. None of these added claims raise any 
issue of new matter. 

Applicants submit that the claims are now in condition for Allowance, and 
respectfully request a Notice to that effect. If the Examiner believes that further discussion 
will advance the prosecution of the Application, the Examiner is highly encouraged to 
telephone Applicants' attorney at the number given below. 
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Please charge any fees or credit any overpayments as a result of the filing of this 



paper to our Deposit Account No. 02-3978. 



BROOKS KUSHMAN P.C. 

1000 Town Center, 22nd Floor 

Southfield, MI 48075-1238 

Phone: 248-358-4400; Fax: 248-358-3351 

Attachments 



Respectfully submitted, 
Wolfgang Doring et al. 




^O&yJ^ Z0O8 



William G. Conger 
Reg. No. 31,209 
Attorney/Agent for Applicant 



Date: 
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Reading 

Brown and Foote: Sections 17.9, 19.3D and 19.6 

Suggested Text Exercises 

Brown and Foote: Chapter 17: 6 

Chapter 19: 11-13,46-50 

Optional Interactive Organic Chemistry CD and Workbook 

Mechanisms : Decarboxylation of a p-Dicarboxylic Acid (p. 23) 

Decarboxylation of a p-Ketocarboxylic Acid (p. 24) 



Concept Focus Questions 

1 . Name and illustrate each of the three fundamental carbonyl mechanism steps using 
ethyl acetoacetate, a typical 1,3-dicarbonyl compound. Explain why a particular site 
within the molecule is preferred for this mechanism step. 

o o 

JL JL ethyl acetoacetate 

^ OCH 2 CH 3 

2. A carbonyl compound exists in equilibrium with the corresponding enol form. In 
water, thi s equilibrium for acetone contains only 2 x 10~ 4 % enol, whereas the enol 
content for 2,4-pentanedione is 16%. Explain this difference. 

2x 1 tr 4 % enol 



o oh 2xl<r%eno1 

K cq = 2xl0-« 



16% enol 
K cq = 0.19 

3. Condensation reactions are the most important synthetic routes to 1,3-dicarbonyl 
compounds. Illustrate the synthesis of ethyl acetoacetate with a Claisen condensation. 

4. What is the synthetic advantage of the acetoacetic ester synthesis? Give a specific 
example and include a complete mechanism. 

5. Briefly discuss the role of the retro-aldol reaction and keto-enol tautomerism in 
glycolysis. (You may skip this question if glycolysis was not covered in lecture.) 

Concept Focus Questions Solutions 

1 . Review the three fundamental carbonyl mechanism steps from the Fundamentals of 
Carbonyl Chemistry CFQ if needed. 
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ATTACHMENT 1 



Nuclcophilic addition : The nucleophile will add preferentially to the more 
electrophilic carbonyl first. A ketone carbonyl has a greater charge on the carbonyl 
carbon, and is thus more electrophilic. (Alternately, the ketone does not lose any 
resonance when it accepts a nucleophile, whereas the ester loses the minor resonance 
contributor.) 

more electrophilic carbonyl 
^f S ^^OCH 2 CH 3 NCr^ X *^OCH 2 CH 3 

^: cn 

Electrophilic addition (usually protonation) : An ester is more readily protonated than a 
ketone because the protonated ester that results has more resonance contributors than 
the protonated ketone. 



O Q ^H-^ H 2 o ©0^ H ^ 0 O- H O 

t 

1 t 



one other important no other important 

resonance structure resonance structures 

Form an enolate : The most acidic hydrogen is removed first. The most acidic 
hydrogen atom, upon removal, affords the most stable conjugate base. Deprotonation 
of the carbon between the two carbonyls yields an enolate with three resonance 
structures . Deprotonation on the other side of the ketone carbonyl leads to an enolate 
that has but one other important resonance form, and is thus less stable and harder to 
form. 

o o o o o o 




OCH 2 CH 3 ^ OCH 2 CH 3 £ OCH 2 CH 3 

two other important one other important 

resonance structures resonance structure 

The sum of the bond energies for the keto form of acetone is greater than the bond 
energy sum for the enol form. Thus the keto form is more stable. Conjugation and 
intramolecular hydrogen bonding are not present in the enol form of acetone, but do 
stabilize the enol form of 2,4-pentanedione. Because of this, the energy difference 
between the enol and keto forms of the dione is less than the energy difference 
between the enol and keto forms of acetone. The keto-enol equilibrium contains a 
greater percentage of enol when the energy difference between the keto and enol 
forms is less. 



110 



CFQ & PP. Carbonyl Chemistry: 1,3-Dicarbonyl Compounds 



A condensation reaction is a reaction in which two or more molecules combine to 
make a larger molecule with the loss of a small neutral molecule, often water A 
condensation of two esters is called the Claisen condensation. Claisen condensation 
between two molecules of ethyl acetate (via the ester enolate) affords ethyl 
acetoacetate. 

V l.Na OCH 2 CH 3 | jj 



4. The acetoacetic ester synthesis is a protocol for regiospecific alkylation of a ketone. 
That is, it provides a way to form a new carbon-carbon bond specifically on one side 
of a ketone carbonyl. The procedure involves a p-ketoester. The ester group serves to 
direct enolate formation (and thus carbon-carbon bond formation) exclusively to one 
site, due to differences in acidity. Once the new carbon-carbon bond has been formed, 
the ester is removed by hydrolysis to the carboxylic acid, and decarboxylation of the 
P-keto acid. 



Example: Convert 




Normal ketone enolate formation and alkylation yields a mixture of products. The 
reaction is not regioselective. 




V NaOCH 3 CH 3 I CH 3 , 



0° 




CH 3 

little selectivity in mixture of products 

enolate formation 

Application of the acetoacetic ester synthesis allows regioselective formation of the 
desired product. 



O 



Overall scheme: 




© 0 

1. Na OCH3 

2. CH3I 
» 

3. NaOH 

C0 2 CH 3 4. H 3 0 + 



O 
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Mechanism details: 




The deprotonation of the intermediate p-ketoacid followed by protonation with H 3 0 + 
(second line of mechanism scheme) may appear pointless. However, hydroxide is a 
strong base and carboxylic acid deprotonation cannot be stopped. Thus is it necessary 
to protonate with acid prior to decarboxylation. 

The malonic ester synthesis proceeds is a very similar manner, affording a carboxylic 
acid product. 

The main synthetic advantages of the acetoacetic ester and malonic ester syntheses 
are mild reaction conditions and excellent control of position of new C-C bond. 

5. Glycolysis is the biological process in which glucose is metabolized. The overall 
source of energy is the oxidation of C-H and C-C bonds to stronger C-O bonds. A 
retro-aldol reaction is used to cleave a carbon-carbon bond, affording one molecule 
each of D-glyceraldehyde-3 -phosphate and dihydroxyacetone phosphate. 
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o 
II 

O — P—O0 




o 

II 

o— p— oe 




OH 



oe 

OH 



H 



I I 

I oe 



eo H 



OH 




D-glyceraldhyde- 
r 3-phosphate 



J proton source 
O 



enzymatic 



enzymatic 
isomerization 



o— p— oe 
I I 
k oe 



dihydroxyacetone 
phosphate 




Further oxidation of D-glyceraldehyde-3 -phosphate provides some energy. The 
dihydroxyacetone phosphate cannot be metabolized as is, and thus represents a waste 
of half the carbons in a molecule of glucose. However, dihydroxyacetone and 
glyceraldehyde are isomers. Isomerization of the useless dihydroxyacetone into 
glyceraldehyde allows this half of the glucose to be used for energy as well. On the 
surface, this isomerization appears to occur by a simple keto-enol tautomerization 
process, but in reality, involves a more complex enzymatic mechanism involving the 
enamine of dihydroxyacetone. 

Practice Problems 

1 . Which of the two equilibria shown below will lie furthest to the right? Briefly explain 
your answer. 



2. Provide a detailed curved arrow mechanism that shows how enol 2 forms from dione 
1 in aqueous acid. 

3. Provide a detailed curved arrow mechanism that shows how enol 4 forms from dione 
3 in aqueous base. 




1 



2 



or 
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4. Determine if these equilibria favor the left or right side. Briefly explain. 

p o ? H O 

(a) 





h < h 



O OH 



5. Rank these 1,3-dicarbonyl compounds by increasing pK^. Briefly explain. 

O O op 9 9 



X^K AA 

' ^ C0 2 CH 3 
5 6 7 

6. Rank these structures in order of increasing acidity. Provide the structure of a 
dicarbonyl compound which is clearly more acidic than any of these compounds. 

o o o o o o 

Jl X Jl X Jl X 

F 3 C^^^^C¥ 3 H 3 C"^^"^CH 3 H 3 CO^^ / ^OCH 3 
8 9 10 

7. Assign a pK a value of 20, 13 or 9 for each structure. Briefly explain your reasoning. 

O O GO O 

OCH, 

8. Select the single most acidic hydrogen in each molecule. 

o o ft H H 



„OCH 3 

H H H H H H H H () 

9. Write the organic product(s) and reaction mechanism. 

heat 



V/ C ° 2H H,<f 
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10. Provide mechanisms. 



CO.H 



(a) 



-CO.H 



aq. H 2 S0 4 
»» 

heat 



(b) 



CQ 2 CH 3 



1. NaOCH 3 

2. <CH 3 ) 2 CHI 

3. aq. NaOH 

4. H 3 0\ heat 



/ CO : H 



O 




1 1 . The P-ketoacid shown below is stable to heating; it does not lose C0 2 . Explain. 




heat 



NR 



H0 2 C 

12. Provide the structures of products 11-13. 
o o 




NaOH, CH 3 OH _ NaOH 
2 — ► 11 >- 12 



H 3 0+ 



13 



° CH3 2. H,C-CHCH,Br H 2 0, heat h ea t 



13. Provide the organic product(s) of the following reaction. If more than one product is 
formed, indicate which is the major product. If no reaction occurs, write "NR." 



H 3 CO 



O O 



1. NaOCH 3 , CH 3 OH 

2. CH 3 (CH 2 ) 8 CH 2 I 

OCH 3.NaOH,H 2 0, heat 
3 4. H 3 0\ heat 



14. Show how the following compounds could be synthesized starting with dimethyl 
malonate or ethyl acetoacetate, and any other needed reagents. 



(a) Ph(CH 2 ) h C0 2 H 



(b) 
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Practice Problems Solutions 

1 . The formation of an enol from a 1,3-dicarbonyl compound is driven by gain of 
intramolecular hydrogen bonding and conjugation. Enols 2 and 4 both have one 
intramolecular hydrogen bond, so this will not be useful in differentiating them. Enol 
2 has two conjugated functional groups (the carbonyl and the alkene), whereas enol 4 
has three conjugated functional groups (carbonyl, alkene, and benzene ring). 
Increasing conjugation increases stability. Thus, we predict the second equilibrium to 
favor the enol more than the first equilibrium. 

o o o o o e o^H^oH o* sH ^o 

4. (a) The driving force for the formation of the enol tautomer (right side of the 

equilibrium) is the addition of an intramolecular hydrogen bond, and conjugation 
of the OC and CO. Neither of these stabilizing factors is present in the keto 
tautomer (left side of the equilibrium). Therefore the equilibrium lies to the right. 





sp carbon adds strain 

keto form enol form 



(b) The enol form of the carboxylic acid (structure on the right) is conjugated. This is 
a stabilizing factor that favors the right side of the equilibrium. Both the keto and 
enol forms of a p-ketoacid can undergo intramolecular hydrogen bonding, so 
hydrogen bonding will not have a major effect on the position of this equilibrium. 
However, there is an increase in ring strain due to the addition of a second sp 2 
carbon in the cyclobutane ring. If this added strain is greater than the added 
stability due to conjugation and hydrogen bonding, the equilibrium lies to the left. 
(Molecular modeling calculations suggest the equilibrium lies to the right by 
several kcat mol 1 , and that the intramolecular =0 — H bond distance is too long 
(about 2.5 A) to play a significant role. Typical H-bonding distances are 2.0 A or 
less.) 

5. pK a is determined by the stability of the conjugate base. Stability of the conjugate 
base is determined in this case by the number of resonance contributors. More 
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resonance contributors result in more stability of conjugate base and thus lower pK^. 
The conjugate bases have the following resonance forms: 




o o o o o o 




7 



The enolate from dione 5 has three resonance contributors, the enolate from dione 6 
has two resonance contributors, and the enolate from dione (actually trione) 7 has 
four resonance contributors. Using the reasoning stated above, the pK a order is: 7 
(lowest pKJ < 5 < 6. 

6. The conjugate bases of all three diones will have the same number of resonance 
contributors, so resonance is not expected to be a significant difference. The CF 3 
group is electron withdrawing. This stabilizes the conjugate base of 8, making this 
dione more acidic. Methyl is a mild electron-donating group, causing a small 
destabilization of the conjugate base of 9. Methoxy is a strong electron-donating 
group, causing a greater destabilization of the conjugate base of 10. Thus, the order 
of acidity is: (least acidic) 10 < 9 < 8 (most acidic). Any 1,3-dicarbonyl 
compound with a conjugate base which is more stable than the most stable conjugate 
base from part (a) will be more acidic. For example, adding more electron- 
withdrawing groups (compound 14) or more resonance contributors for the conjugate 
base (compound 15) can achieve this. 




7. A convenient way to consider pK a is by examining the stability of the conjugate 
bases. The more stable the conjugate base, the more readily the acid will lose a 
proton to form it, and thus acid will be more acidic. Factors that stabilize the negative 
charge of the conjugate base (more resonance contributors, electron-withdrawing 
groups) will lower pK a . 



CFQ & PP. Carbonyt Chemistry: 1 ,3-Dicarbonyl Compounds 



117 



Comparing 2.4-pentandione (first structure) with acetone (third structure): Removal 
of hydrogen atoms from the CH 2 between the two carbonyl groups yields an enolate 
with three resonance contributors. Deprotonation of acetone affords an enolate with 
two resonance forms. The enolate derived from 2,4-pentanedione is more stable than 
the enolate derived from acetone, so the pK a of 2,4-pentanedione is less than the pK a 
of acetone. 

Comparing 2.4-pentanedione with dimethvl malonate (center structure) : Both afford 
enolates with three resonance contributors. The CH 3 groups of 2,4-pentanedione are 
weak electron donors, so they will reduce the conjugate base stability by a small 
amount. The methoxy groups of dimethyl malonate are strong electron donors by 
resonance, so they reduce the stability of the conjugate base by a larger amount. 

Therefore the enolate of 2,4-pentanedione is more stable than the enolate of dimethyl 
malonate., so the pK a of 2,4-pentanedione is lower than the pK a of dimethyl malonate. 
The pK a assignments are: Acetone pK^ 20, dimethyl malonate pK^ 13, and 2,4- 
pentanedione pK a 9. 




most acidic 



most acidic 




10. (a) 




OH 




© 
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(b) 




11. Decarboxylation of a p-ketoacid proceeds through an enol. In this case, the enol 

intermediate shown below has a very strained alkene (make a model). This strain raises the 
energy of activation leading to the enol enough so that it cannot easily form. 



strained alken 




OH 



12. 



13. 



O O 



O O 




LNaOH, CH 3 OH 
OCH3 2. H 7 OCHCH 2 Br 



O O 



NaOH 
► 

H^O, heat 




12 



O O 



OCH. 




CH.O' — ' OCH3 

4.H 3 O f 



e e h 3 o^ JL^-^ 

O Na *~ f J 

heat I 



1. NaOCH 3 , CH3OH 

2. CH,(CH^) 9 I 

— -*-CH,(CH->) I0 CO-,H 

3. NaOH, heat 
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14. (a) Synthesis of a carboxylic acid can be achieved via the malonic ester synthesis. 

1. NaOCH 3 , CH3OH 

9 V 2. Ph(CH,) 5 I 

II II 1 z* ^ Ph(CH 2 ) 6 C0 2 H 

CH 3 0 > ^^OCH3 3.NaOH t heat 
3 4. H 3 0 

(b) Synthesis of a ketone can be achieved via the acetoacetic ester synthesis. 

1 . NaOCH,CH 3 , CH 3 CH 2 OH 9 
O O 2. ?hCH;Br ^ 

^^^OCH,CH 3 3.NaOH,heat N \ 

4. H 3 0 + 
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